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(57) ABSTRACT 

The invention relates to a method for use in the testing of 
liquid samples, a test unit for implementing the method, and 
a system comprising the test units. The invention relates 
particularly to diagnostic analyses of medical specimens and 
analyses of samples taken from industrial processes, Waste 
treatment or the environment. The invention is based on 
hydraulic dosage of liquids, in Which a dosage space (8) of 
limited volume included in the test unit is ?lled With the 
medium needed in the test by means of a liquid actuator, 
such as a belloWs (18), the sample being combined With the 
medium by absorption into the dosage space With the aid of 
the actuator, purging a corresponding amount of medium 
from the space under the effect of suction. If necessary, one 
or more reactants required in the test are draWn into the 
dosage space (8) on the same principle. The quantitatively 
dosed liquids can then be mixed and transferred hydrauli 
cally into the incubation and/or detection spaces (25, 26) of 
the test unit With movements generated by the actuator (18). 
The system of the invention consists of a plurality of test 
units, Which communicate With a common control unit 
alloWing control of the operation of the different test units by 
data transmission communications, such as telecommunica 
tions. 
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METHOD FOR USE IN TESTING OF LIQUID 
SAMPLES, A TEST UNIT UTILIZING THE 

METHOD AND A SYSTEM COMPRISING SUCH 
TEST UNITS 

[0001] The present invention relates to the testing of liquid 
samples. More speci?cally, the invention relates to a method 
for combining liquids for testing a liquid sample, the sample 
to be tested being combined quantitatively With a liquid 
medium. In addition, the invention relates to a test unit 
utilising said method, and to a system including a plurality 
of such test units. 

[0002] The invention is mainly implemented in the ?eld of 
clinical chemistry, i.e. in analyses of medical specimens 
from patients for diagnostic purposes. A second central ?eld 
of application relates to the analyses of samples from 
industrial processes, Waste treatment and the environment. 

[0003] Chemical tests are noWadays conducted in labora 
tories by means of analysers, Which are mechanised high 
speed dispensing robots, Whose operation is based on the 
transfer of liquids betWeen-open vessels. Such analysers 
draW the samples to be tested and the reagents required for 
the tests from open tubes or containers into pipettes, transfer 
them by pipette suction into measuring ?lter troughs, per 
form mixing, and after the reaction, determine a parameter 
yielding the measurement result. The analyser operation is 
controlled by measurements performed accordingly on ref 
erence samples With knoWn contents. 

[0004] Current analysers have the bene?t of high capacity, 
large test range and easy test variation. On the other hand, 
they have shortcomings relating especially to the open 
sample and reagent vessels and ?lter troughs and to the 
liquids being transferred by pipette suction betWeen the 
vessels. Open vessels impair the conservation of liquids and 
expose the liquids to microbiological or similar contamina 
tions. At the pipette suction stage, small air bubbles tend to 
be draWn alongside With the liquids, the air bubbles causing 
a corresponding volume error in a liquid batch that has been 
quantitatively dosed. At the injecting stage, again, a liquid, 
droplet may occasionally remain at the pipette end under the 
effect of surface tension and thus be excluded from the 
analysis and result in a dosage error. 

[0005] In current analysers, there have been attempts to 
compensate for these errors caused by inexact pipette suc 
tion by using suf?ciently great liquid volumes of tens to 
hundreds of micro-litres for minor air bubbles or any last 
liquid droplet remaining at the pipette end not to have any 
practical impact in terms of the quantitative result of the 
tests. HoWever, as a result of this, the operational compo 
nents of the analyser, i.e. sample tubes, reagent containers 
and measurement ?lter troughs need to be given unneces 
sarily large dimensions in vieW of the actual test reaction, 
and also reagent consumption Will be high. For these reasons 
and for the operational versatility required, current analysers 
are typically large apparatuses of the siZe of a desk approxi 
mately, requiring professional staff for use and entailing high 
costs of investment and operation. 

[0006] The purpose of this invention is to provide a 
solution in Which quantitative dosage and combination of 
liquids required for tests, especially of a liquid sample to be 
tested and a liquid medium, are performed in a neW manner, 
Which eliminates the prior art draWbacks described above. 
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The method of the invention is characterised by the combi 
nation of liquids taking place in a dosage space of limited 
volume, Which is connected to a liquid actuator and to an 
inlet equipped With an on/off valve for the sample to be 
tested, and by the dosage space being ?lled With a medium, 
after Which the valve of the sample inlet is opened and a 
determined volume of medium is removed from the space 
With the actuator so that a corresponding amount of sample 
is draWn under the effect of exhaust suction from the inlet 
through the valve to the dosage space. 

[0007] The method of the invention is substantially based 
on hydraulic liquid transfer and liquid association in a test 
apparatus comprising a dosage space and associated ducts, 
Where the liquids are brought into direct mutual contact and 
Where on/off valves de?ne the dosed liquid volumes Without 
dosage errors caused by surface tension. Dosage is thus 
more accurate and alloWs a smaller-siZed test apparatus and 
also smaller amounts of substance, reducing the costs of 
analysis. Hydraulic dosage is less susceptible to air bubbles 
entering liquids at the stages of dosage and association, and 
in addition, the test apparatus can be quipped With a suitable 
sensor, alloWing the liquid movements to be monitored in 
the dosage space and the ducts. A pressure sensor, for 
instance, alloWs an air bubble accompanying the liquid to be 
detected and to be considered in the evaluation of the test 
result, or, if possible, the dosage may be repeated in order to 
obtain a liquid batch free of air bubbles. The feature of 
monitoring dosage With a sensor is a substantial advantage 
in automated, programmed dosage, for Which hydraulic 
liquid transfer is particularly suitable. 

[0008] The hydraulic liquid transfer and combination of 
the invention also have the advantage of the dosage space 
and the related ducts being easy to clean With cleaning ?uid 
or drying air led through them. Since hydraulic dosage, 
unlike conventional liquid transfer by pipettes betWeen open 
vessels, takes place in sealed spaces, the risk of contamina 
tion caused by external effects is reduced in the invention. 

[0009] For liquids to be dosed and combined in the desired 
quantitative ratios, the liquid actuators must provide 
adequate precision. The higher the precision of repeated 
movements produced by the actuator, the better the quanti 
tative dosage of the invention. An actuator that is accurate 
and thus advantageous for the method of the invention is a 
liquid-?lled belloWs, as described in connection With pipette 
dosage in US. Pat. No. 5,638,986. AbelloWs does not Wear 
in use and the dosage precision provided alloWs for very 
small quantities of substances in tests. 

[0010] In a typical chemical test of a liquid sample, the 
medium acts as a support and a diluent, With Which one or 
more reagents reacting With the sample are associated 
besides the sample, the result of the test reaction or its 
absence forming the test result. In accordance With the 
invention, liquid dosage for such tests takes place in n 
apparatus, in Which a plurality of inlets equipped With an 
on/off valve have been connected to the dosage space, each 
sample and also each reagent placed in advance in the 
apparatus having an inlet of their oWn. Liquids are associ 
ated by absorption not only of the sample to be tested but 
also one or more ?uid reagents one by one from the inlets, 
so that a volume of medium corresponding to the speci?c 
draWn liquid volume is removed from the dosage space each 
time. 
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[0011] For exhaust suction to remove only medium from 
the dosage space and not sample or reagent dosed into the 
space at the preceding suction stage, the dosage space 
preferably comprises a narroW, elongated duct, Which is 
connected to the liquid actuator by its end. A dosage space 
shaped in this manner prevents liquids from being mixed in 
an undesired Way at successive suction stages of the dosage. 
Preferably, the entire dosage space is formed as an elongated 
duct connected by its end to an actuator and With sample and 
reagent inlets connected to different points of the duct, so 
that the sample and one or more reagents are draWn into the 
dosage space in succession before the ultimate stage of 
mixing by various means. This operation can be performed 
eg by reciprocating suction and expulsion movements 
generated by the actuator at the stage of removing the dosed 
liquids from the dosage space, With a vieW to complete the 
reaction and detect the reaction result, for instance. 

[0012] After the liquids have been associated in the dosage 
space in the desired quanti?ed speci?c ratios, air can advan 
tageously be used as a buffer for forWarding the liquid from 
the dosage space. The air buffer isolates previously dosed 
and mutually associated liquids from other liquids, so that 
admixture With other liquids is not alloWed to affect the 
reaction and the test result. 

[0013] The test apparatus of the invention using the 
method described above, referred to as test unit beloW, is 
characterised by comprising a liquid dosage space With 
con?ned volume, an inlet for liquid medium connected to 
the dosage space, an inlet for liquid sample to be tested 
connected to the dosage space, one or more storage spaces 
for reagents reacting With the sample, each of Which com 
municates through a How channel With the dosage space, for 
removing liquids dosed into the How channel from the 
dosage space, each of said inlets and How channels being 
equipped With an on/off valve for How control, a liquid 
actuator, and a detector for detecting the reaction result for 
test result determination. 

[0014] Depending on the tests to be conducted, the test 
unit of the invention can optionally include one or more 
incubation spaces, in Which combined liquids can be con 
served over the period required for the test reaction While 
controlling the temperature if necessary, a detection space 
equipped With a detector for detecting the reaction result, 
and a sensor, such as a pressure sensor or a temperature 

sensor, Which alloWs monitoring of the various stages of an 
automated test. The liquid actuator preferably consists of a 
liquid-?lled belloWs. On/off valves may consist of clip 
valves located in an elastomer hose, or eg of the ice valves 
of US. Pat. No. 5,311,896. 

[0015] The reagent storage spaces included in the test unit 
are preferably bag-like foil kits as described in US. Pat. No. 
4,588,554, Which are compressible When emptied and do not 
require replacement air. Such kits require very small space 
in the test unit, and reagents Will not be Wasted With the use 
of these. 

[0016] The test unit of the invention can be devised as a 
small-siZed unit conducting speci?c tests automatically 
under a program Within the range of the reagent selection 
included in the unit, Which can be initiated by connection to 
a medium source, such as a Water pipe. To conduct a test, all 
the user has to do is to introduce the sample to be tested into 
the test unit and to select the test to be conducted. Since the 
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unit carries out the different steps of the test automatically, 
no special professional skill is required from the user. 

[0017] In accordance With the invention, the separate test 
units described above can be combined to form a system, 
Which is characterised by each test unit in the system being 
equipped for performing at least one test reaction in com 
mon for the different units, by the test units being opera 
tionally mutually independent, and by the test units being 
connected over data transmission communications to a com 

mon control unit, Which emits signals alloWing the control 
of the operation of the units. 

[0018] US. Pat. No. 6,055,487, for instance, discloses a 
system knoWn per se for clinical tests, Where tests are 
conducted decentralised at medical clinics or similar remote 
terminals under the control and surveillance of a common 
mainframe. In the system described in the reference, com 
munication betWeen the remote terminals and the mainframe 
can take place as telecommunications, for instance. HoW 
ever, the practical implementation of tests in the remote 
terminals is described as performed With conventional dos 
age robots, Whose shortcomings are described in the prior art 
part of the present application. Although the reference 
claims as the advantage of the system that test results are 
rapidly obtained and still reliable, together With reduced 
need of education for those Who perform the tests, the 
system still requires the remote terminals to be located at the 
medical clinics, health centres or laboratories, Where pro 
fessional staff experienced in test analyses is present. 

[0019] By contrast, With the clinical test system based on 
test units With the hydraulic dosage of the invention, the 
simplicity and ease of use of the units for the ?rst time 
enables users Without professional education to perform the 
analyses. Line or Wireless telecommunications are particu 
larly suitable for contacts betWeen individual test units 
acting as remote terminals and the common central control 
unit. The system of the invention is especially apt for use in 
remote districts or developing countries, Where distances are 
long and communications and other infrastructure are de? 
cient. 

[0020] In the system of the invention, the individual test 
units may be very simpli?ed and equipped only for con 
ducting a feW rare tests most in demand. In this situation, the 
test unit Will need storage space only for a very limited range 
of reagents, required for carrying out these particular test 
reactions. The test unit is also provided With automation for 
conducting tests under programs stored in the unit. As 
mentioned above, all the user of the test unit has to do is to 
feed a sample into the inlet in the unit and select a program. 
The test result can be shoWn on a display included in the test 
unit or as a response from the control unit With Which the test 
unit is communicating and Which is in charge of correct 
results from the unit and checking and service functions With 
a vieW to maintain the ef?ciency of the unit. 

[0021] In the system of the invention, individual test units 
With the reagents introduced in advance and the pre-pro 
grammed tests may be mutually identical or they may be 
tailored mutually different to the different needs prevailing 
in different remote terminals. The needs may vary according 
to the geographical location of the test unit, and some units 
may contain reagents and programs for a larger number of 
tests than other units. OWing to the simple design of the test 
units, they can readily be transferred from one place to 
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another Whenever necessary, and a transferred unit is easily 
brought into Working condition. 

[0022] The scope of the invention especially covers the 
use of a test unit as described above or of a system composed 
of such units in diagnostic or similar clinical tests of medical 
specimens from a patient, such as blood or urinary samples, 
and also the use of the test unit or system in research, 
industrial or environmental testing. 

[0023] Regardless of the facts above, the invention natu 
rally also covers professional implementation of any other 
test unit, system of test units and method used in these Within 
the scope of the claims beloW. 

[0024] The invention is explained more in detail beloW 
With the aid of an example and With reference to the 
accompanying drawing, in Which 

[0025] FIG. 1 is a block diagram of an individual test unit, 
Which acts as a remote terminal in telecommunication With 
the central control unit, and 

[0026] FIG. 2 is a more detailed vieW of the liquid 
treatment block included in the test unit, comprising a liquid 
space, How channels and valves. 

[0027] The embodiment example described here relates to 
a test system in clinical chemistry, Which conducts diagnos 
tic tests of liquid samples from a patient, such as blood or 
urinary samples. The system consists of a central control 
unit 1, Which preferably communicates over Wireless tele 
communications 2 With a plurality of test units 3 remote 
relative to the control unit 1. The test units 3 acting as remote 
terminals in the system carry out practical tests under the 
control and surveillance of the central control unit 1. 

[0028] The system may comprise several functionally 
independent test units 3, of Which FIG. 1 in the draWing 
illustrates only one. The operational idea of the system is 
utilising the computer capacity of its key central control unit 
1 including its diagnostic softWare, patient records and 
service functions, in test units 3 acting as remote terminals, 
Which are simple and easy to use, so that no special 
professional analysing knoW-hoW is required from the users. 
The system avoids transport of medical specimens, provides 
notably more rapid test results and reliable results under the 
control of the control unit 1. 

[0029] As shoWn in FIG. 1, 21 individual test unit 3 in the 
system consists of three blocks, ie a data control block 4, 
Which is in charge of the control, data storage and telecom 
munication functions of the test unit, an interface 5 including 
a keyboard and a display, an a liquid treatment block 6, 
Which carries out the actual test and comprises an inlet 7 for 
the sample to be tested, all of these three blocks being in 
telecommunication With the central control unit 1. 

[0030] The liquid treatment block 6 of the test unit in FIG. 
2 makes a diagnostic test of a liquid medical specimen by 
carrying out a test reaction and by detecting the end result of 
the reaction. The block 6 comprises an elongated, tubular 
dosage space 8, to Which the needle-like suction duct 7 
forming the sample inlet is connected. In addition, the 
dosage space 8 is connected With a plurality of reagent 
storage spaces 10 through parallel ?oW channels 9, the 
storage spaces consisting of bag-like compressible ?lm kits. 
The reagents needed in the test reactions and control reac 
tions to be performed With the test unit 3 are stored in these 
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reagent bags 10. The feed duct 7 and each ?oW channel 9 
dosing reagents are equipped With an on/off valve 11, 12, 
and in addition, the dosage space 8 is de?ned by on/off 
valves 13, 14 and 15. The valves 11-15 thus determine the 
volume of the dosage space 8. For dilution of the sample to 
be tested and the reagents required for the test, the block 6 
uses Water as the medium, and for this purpose the block is 
connected to the Water mains over a pipe 17 equipped With 
a valve 16. Water is supplied from the pipe 17 into a 
reciprocating belloWs 18 acting as an actuator, Which com 
municates over a duct 20 equipped With valves 14, 19 With 
the dosage space 8. The liquid treatment block 6 is devised 
so as to control liquid transfer in all the parts of the blocks 
With suction and expulsion movements generated by the 
belloWs 18. 

[0031] An air duct 22 equipped With a valve 21 is con 
nected to said duct 20 betWeen the dosage space 8 and the 
belloWs 18. This alloWs the use of air as a buffer for the 
transfer of liquids from one part to the other of the block 6. 
The duct 20 is additionally equipped With a pressure sensor 
23 acting as a sensor, alloWing the monitoring of liquid 
movements generated With the belloWs 18 in different parts 
of the block. The sensor 23 detects each starting, arrival to 
the valve location and stop of the liquid as a pressure 
variation in the duct system. 

[0032] At the end opposite to the belloWs 18 and to the 
Water and air inlets 17, 22, the dosage space 8 ends in a valve 
15, from Where a duct 24 continues to the incubation spaces 
25 and the detection space 26 formed of a measuring ?lter 
trough in the block 6. Adjacent incubation spaces 25 are 
separated from the duct 24 With on/off valves 27, and the 
reaction mixture, Which is formed in the dosage space 8 and 
consists of the sample to be tested in these, one or more 
reagents and Water acting as a medium can be conserved 
over the period required for the rest reaction at a regulated 
reaction temperature. For mixing associated liquids in the 
dosage space 8, the duct 24 comprises an expansion 28 
acting as a mixing space. The aligned connections betWeen 
the incubation spaces 25 are folloWed by an on/off valve 29 
in the duct 24, preceding the measuring ?lter trough 26, 
Which is equipped With a light source 30 and a detector 31. 
An outlet duct 32 continues from the measuring ?lter trough 
26 for discharging the liquid used for the test from the block 
6. 

[0033] The parts of the block 6 used for dosage, test 
reaction and result detection need to be cleaned betWeen the 
tests, and for this purpose the block is equipped With a 
detergent liquid inlet 33, Which is connected to the dosage 
space 8 and separated from this With a valve 15. The 
detergent liquid can be discharged from the block into an 
outlet duct 32 starting from the measuring ?lter trough 26. 

[0034] In the initial situation of the test to be conducted 
With the test unit 3, the liquid treatment block 6 is cleaned 
and dried, and the valves 12, 13 and 15 (cf. FIG. 2) de?ning 
the dosage space 8 are closed. The user of the unit connects 
the needle-like suction duct 7 acting as the sample inlet to 
the sample to be examined and starts the process. The 
belloWs 18 then draWs sample in the duct 7 all the Way to the 
valve 11, and then the valve 11 is closed. 

[0035] Next, the belloWs 18 carries out ?lling of the 
dosage space 8 With Water acting as a medium, supplied 
from the Water pipe 17. The valve 15 after the dosage space 
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8 is opened, and the bellows 18 propels Water through the 
duct 20 into the dosage space until the Water reaches the 
opened valve 15. Water entering the valve gap entails a small 
change of pressure, Which is recorded by the pressure sensor 
23, and at that moment the automation closes the valve 15. 
As the ?lling starts, the valves 21 and 13 of the air and 
detergent liquid inlets 22, 33 are also open, so that Water 
propelled by the belloWs 18 ?lls these pipes all the Way to 
the valves and the pressure sensor 23 causes the valves to be 
closed at the moment of ?lling. As a result of these opera 
tions, the dosage space 8 is hydraulically ?lled With Water. 

[0036] At the subsequent sample dosing stage, the valve 
11 of the sample inlet 7 is opened, and the belloWs 18 draWs 
Water from the dosage space 8, so that an amount of sample 
equalling the exhaust suction is draWn from the inlets 7 into 
the dosage space. This sample dosing stage ends When the 
valve I1 of the inlet 7 is closed. 

[0037] Next, one or more reagents needed in the test is 
dosed accordingly into the dosage space 8. The valve 12 
closing the ?lm kit 10 containing the selected reagent is 
opened, and the belloWs 18 draWs Water from the dosage 
space 8 so that an amount of Water equalling the exhaust 
suction is draWn into the dosage space, after Which the valve 
12 is closed. If more than one reagent is needed, the dosage 
of the different reagents is carried out one by one With the 
operations described above. As a result, the dosed sample 
and the reagents are brought into the elongated, tubular 
dosage space 8 in succession, Without notable mixing of the 
liquids at this stage. When the dosage is ended, the valve 14 
of the dosage space 8 facing the belloWs is closed and the 
duct 20 is purged of Water by absorption With the belloWs 18. 

[0038] The folloWing stage of the test comprises mixing of 
the dosed liquids and mutual reacting of the sample and the 
one or more reagents. To this end, the valve 15 after the 
dosage space 8 and the valve 27 connected With the selected 
incubation space 25 are opened, and the dosed liquids are 
expelled With the belloWs from the space 8 into the mixing 
space 28, and in conjunction With this, the valve 20 of the 
inlet 22 is opened in order to use air as a buffer for the liquid 
transfers produced by the belloWs. The liquids are mixed in 
the space 28 With reciprocating movements generated by the 
belloWs, and part of the mixed liquid is further expelled With 
the belloWs to the measuring ?lter trough 26 for determi 
nation of the initial value of measurement. The main portion 
of the liquid is propelled With the belloWs into the incubation 
space 25 over the period needed for the test reaction to 
develop. While the reaction is taking place, the measuring 
?lter trough 26 is cleaned With the detergent liquid supplied 
from the pipe 33, the detergent being propelled through the 
dosing and mixing spaces 8, 28 to the measuring ?lter trough 
and further to the outlet duct 32 by means of air supplied 
from the pipe 22. After the reaction, the reaction mixture is 
draWn from the incubation space 25 to the duct 24 betWeen 
the dosage space and the measuring ?lter trough and is 
expelled into the ?lter trough 26 for ?nal measurement. 
After the measurement, the reaction mixture is expelled by 
air into the outlet duct 32. 

[0039] The removal of the reaction mixture after the test 
from the liquid treatment block 6 may be integrated in the 
operation of cleaning the block betWeen the tests. The 
detergent liquid is supplied from the pipe 33 and is driven by 
the belloWs 18 With air conducted from the pipe 22 through 
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the dosage space 8, the mixing space 28 and the measuring 
?lter trough 26 to the outlet duct 32. Air ?oWs in the centre 
of the spaces and the ducts, and a very small amount of Water 
is enough for cleaning in the form of an air-driven ?lm along 
the Walls of the spaces and the ?lms. The sample inlet 7 is 
cleaned by opening the valve 11, so that air propelled by the 
belloWs drives detergent liquid through the inlet 7 out from 
the liquid treatment block 6. 

[0040] All of the liquid treatment operations described 
above take place under automatic control in the liquid 
treatment block 6 of the test unit, Which is sealed from the 
environment With the exception of said inlet 7, 17, 22 and 
33. The data control block 4 of the unit can shoW the test 
result directly on the display of the interface 5, or the result 
can be transmitted for processing in the central control unit 
1, either by the user or by telephone or as automatic data 
transmission, for instance. 

[0041] In the test unit 3 described above, all the dosages 
are hydraulic precision dosages oWing to the repetition 
precision of the movements of the belloWs 18, the dosages 
being ensured by means of the pressure sensor 23. The 
reagents contained in the reagent bags 10 are concentrated 
storage solutions, the data control unit 4 and the central 
control unit 1 being continuously informed of the remaining 
amounts of reagents. The test unit may be equipped With a 
cooler for maintaining the reagent bags 10 at refrigerator 
temperature, for instance. When purged, the reagent bags 10 
collapse Without requiring replacement air, and their uncon 
taminated conservation is ensured in the closed block. By 
means of automation, it can be continually ensured that a 
vacuum generated by the belloWs 18 is prevailing continu 
ally While the valves 9 are open, so that the reagents are 
merely alloWed to How out from the bags into the dosage 
space, and never in the opposite direction. 

[0042] The dosage space 8 of the liquid treatment block 
and the spaces and ducts Where the reaction mixture formed 
by the liquids is treated have a stiff construction, being made 
eg of glass or metal pipe. The valves regulating the liquid 
transfers are advantageously carried out as clip valves made 
of Marprene elastomer, Which have extremely high Wear 
resistance. HoWever, other valve solutions, as for instance 
ice valves closed by icing, are also conceivable. 

[0043] Any operation errors or dysfunctions of the test 
unit caused by contamination of the ducts can be detected as 
a change of response by the pressure sensor 23. Thus, for 
instance, material accumulating on the Walls of the dosage 
space 8 reduces the dosage volume, so that there is room for 
a smaller amount of liquid in the space, and When the space 
is being ?lled, the How response of the valve 15 after the 
space occurs too soon. The data control unit 4 or central 
control unit 1 of the test unit may comprise a stored 
automatic service program, Which, in this situation, per 
forms cleaning of the space by means of a dissolving reagent 
included in the reagent record consisting of the reagent bags 
10 of the unit. Similarly, the test unit can be programmed to 
perform control measurements as required under good labo 
ratory practice betWeen the tests of the samples to be 
examined. These automated service operations and control 
measurements alloW the test unit to maintain its efficiency in 
long-term use Without any other actions requiring special 
professional skill. 
[0044] It is obvious to those skilled in the art that the 
embodiments of the invention are not con?ned to the 
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example described in detail above, but may vary Within the 
scope of the following claims. 

1. A method of combining liquids for the testing of a 
liquid sample, Whereby the sample to be tested is quantita 
tively combined With a liquid medium, characterised in that 
combining takes place in a dosage space (8) of limited 
volume, Which is connected With a liquid actuator (18) and 
to Which an inlet (7) equipped With an on/off valve (11) is 
connected for the sample to be tested, and that the dosage 
space is ?lled With a medium, after Which the valve of the 
sample inlet is opened and a speci?c volume of medium is 
removed from the space by means of the actuator so that a 
corresponding amount of sample is draWn under the effect of 
exhaust suction from the inlet through the valve into the 
dosage space. 

2. A method as de?ned in claim 1, characterised in that 
before the dosage space (8) is ?lled With medium, the 
actuator (18) draWs sample to be tested into the inlet (7) all 
the Way to the valve (11), and then the valve is closed. 

3. A method as de?ned in claim 1 or 2, characterised in 
that after the sample to be tested has been draWn from the 
inlet (7) into the dosage space (8), the valve (11) of the inlet 
is closed. 

4. A method as de?ned in claim 3, characterised in that a 
plurality of inlets (7, 9), each one equipped With an on/off 
valve (11, 12), has been connected to the dosage space (8), 
and that, besides the sample to be tested, one or more liquid 
reagents are draWn one by one from different inlets into the 
dosage space, medium being purged from the dosage space 
in a volume corresponding to each speci?c liquid volume 
draWn in. 

5. Amethod as de?ned in claim 4, characterised in that the 
dosage space (8) is formed by an elongated duct, Which is 
connected by its end to an actuator (18) and in Which the 
sample and reagent inlets (7, 9) join the duct at different 
locations, and that the sample and the one or more reagents 
are draWn into the dosage space in succession before the 
reagents and the medium are mixed. 

6. A method as de?ned in any of the preceding claims, 
characterised in that the dosed liquids are purged from the 
dosage space (8) With suction or expulsion generated by the 
actuator (18). 

7. Amethod as de?ned in claim 6, characterised in that the 
actuator (18) draWs air from the outside of the dosage space 
(8), the liquids being expelled from the dosage space using 
air as a buffer. 

8. A method as de?ned in claim 6 or 7, characterised in 
that the dosed liquids are mixed With reciprocating move 
ments generated by the actuator (18). 

9. A method as de?ned in any of the preceding claims, 
characterised in that the liquid actuator (18) is a belloWs. 

10. A method as de?ned in any of the preceding claims, 
characterised in that the dosed liquids are transferred from 
the dosage space (8) into a separate incubation space (25) 
and/or detection space (26) for a reaction to take place 
and/or a test result to be determined. 

11. A method as de?ned in any of the preceding claims, 
characterised in that the liquid movements at different stages 
of the method are monitored With a sensor (23), such as a 
pressure sensor detecting pressure variations or a tempera 
ture sensor detecting temperature differences. 
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12. A method as de?ned in any of the preceding claims, 
characterised in that the medium is Water and that the 
samples to be tested are liquid medical specimens, such as 
blood or urinary samples. 

13. A test unit (3) implementing a method as de?ned in 
any of the preceding claims, characterised in comprising a 
liquid dosage space (8) With limited volume, an inlet (17, 20) 
for liquid medium connected to the dosage space, an inlet (7) 
for the liquid sample to be tested connected to the dosage 
space, one or more storage spaces (10) for reagents reacting 
With the sample, each of Which communicates With the 
dosage space through a How channel (9), a How channel (24) 
for removing dosed liquids from the dosage space, each of 
said inlets and How channels being equipped With an on/off 
valve (11, 12, 14, 15) for How regulation, a liquid actuator 
(18), and a detector (31) for detecting the reaction result With 
a vieW to test result determination. 

14. A test unit as de?ned in claim 13, characterised in 
comprising at least one incubation space (25) connected to 
the dosage space (8) through a How channel (24) for test 
reaction to take place. 

15. A test unit as de?ned in claim 13 or 14, characterised 
in comprising a detection space (26) Which is connected to 
the dosage space (8) through one or more How channels (24) 
and equipped With a detector (31). 

16. A test unit as de?ned in any of claims 13-15, charac 
terised in being equipped With an air ?oW inlet (22) for the 
use of air as a buffer. 

17. A test unit as de?ned in any of claims 13-16, charac 
terised in that the liquid actuator (18) is a belloWs. 

18. A test unit as de?ned in any of claims 13-17, charac 
terised in being equipped With a sensor (23) for monitoring 
the liquid movements, such as a pressure sensor detecting 
pressure variations or a temperature sensor detecting tem 
perature differences. 

19. A system containing test units as de?ned in any of 
claims 13-18 for conducting chemical tests of liquid 
samples, characterised in that each test unit (3) in the system 
is equipped for carrying out at least one test reaction in 
common for the different units, that the test units are 
functionally independent of each other, and that the test units 
are connected over data transmission communications (2) to 
a common control unit (1), the operation of the test units 
being controllable With signals emitted by the control unit. 

20. A system as de?ned in claim 19, characterised in that 
each test unit (3) communicates With the control unit (1) 
through Wires. 

21. A system as de?ned in claim 19, characterised in that 
each test unit (3) communicates over a Wireless telecom 
munication (2) With the control unit 

22. A system as de?ned in claim 21, characterised in that 
the test units (3) are freely movable While communicating 
constantly With the control unit 

23. A system as de?ned in any of claims 19-22, charac 
terised in that the test units (3) are located at different 
geographic locations. 

24. A system as de?ned in any of claims 19-23, charac 
terised in that the system comprises mutually identical test 
units 

25. A system as de?ned in any of claims 19-24, charac 
terised in that the system comprises mutually different test 
units (3) having varying numbers or arrays of reagent 
selections and/or liquid spaces (8, 10, 25, 26). 
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26. A system as de?ned in any of claims 19-25, charac 
terised in that the control unit (1) comprises a plurality of 
stored programs for performing different test reactions in the 
test units (3) under the control of the control unit. 

27. A system as de?ned in any of claims 19-26, charac 
terised in that the control unit (1) comprises stored control 
and service programs for monitoring and maintaining the 
ef?ciency of the test units 

28. A system as de?ned in any of claims 19-27, charac 
terised in that the control unit (1) determines the test result 
or accepts a test result provided by the test unit (3) and 
returns the accepted result to the user of the test unit. 
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29. Application of a test unit as de?ned in any of claims 
13-18 or a system as de?ned in any of claims 19-28 to 
clinical tests of medical specimens, 

30. Application of a test unit or a system as de?ned in 
claim 29 to diagnostic tests of blood or urinary samples. 

31. Application of a test unit as de?ned in any of claims 
13-18 or a system as de?ned in any of claims 19-28 to 

research, industrial or environmental testing. 


